ABSTRACT -The objective of this study was to evaluate the effect of alternative protein sources (castor bean cake, sunflower cake, and sunflower seed) to soybean meal on the intake and performance of 40 lambs, initially weighing 19.8±1.84 kg, fed diets based on Tifton grass hay. The experimental design was completely randomized blocks. There were no differences in the nutrient intake of castor bean diets compared with soybean meal. The intake of nutrients in the sunflower cake and sunflower seed diets was decreased compared with soybean meal. The apparent digestibility coefficients of dry matter, organic matter, crude protein, and neutral detergent fiber of sunflower cake and sunflower seed diets were decreased compared with soybean meal. The average daily weight gain of animals fed the castor bean diet (0.190 kg) was not different from that of the animals fed the soybean meal diet (0.217 kg). The sunflower cake and sunflower seed diets provided less weight gain (0.171 and 0.135 kg d -1 , respectively) than soybean meal due to the lower nutrient intake. The hot carcass yield and true yield were not affected by the protein sources. The neck, ribs, and ham weights were similar in lambs fed soybean meal and castor bean cake diets. It is recommended to use castor bean as an alternative protein source in the diet of lambs.
Introduction
Soybean meal is the main protein source in animal feed. However, the high price of transporting from regions of soybean production, the increase in the world population, and the growing demand for protein-rich foods that do not compete with human food sources have encouraged the search for alternative feeds to replace soybean meal in animal diets (Haddad, 2006) .
The search for renewable alternatives to the use of oil biofuels, prominently in the global economy, is an ecologically correct option for environmental preservation. Also, by launching the National Program for Production and Use of Biodiesel through Law No. 11,097 of January 13, 2005, the Brazilian government increased the share of biofuels in the Brazilian energy matrix (Brasil, 2005) . Among the most prominent oil-producing plants for regional production of biodiesel are castor bean and sunflower plants.
The castor bean (Ricinus communis L.) is considered the most important oilseed crop for biodiesel production, especially in Northeast Brazil, because it has an extensive range of adaptation, easy management, drought tolerance, and low production costs. One of the products of castor bean production, the castor bean cake, has been used predominantly as a quality organic fertilizer because it is rich in nitrogen and efficient at recovering depleted lands. However, it can obtain a significantly higher value if used as food because of its high protein content (Diniz et al., 2011) .
The sunflower (Helianthus annuus), in both seed and cake forms, has become an alternative feed for ruminants due to its high levels of protein and energy, and the effects of the addition of sunflower products to the diets of ruminants have been studied by several researchers (Mendoza et al., 2008) . According to Oliveira et al. (2007) , the sunflower cake can be considered a protein concentrate food (>20% crude protein) with high ruminal degradability of protein (>90%).
Sunflower oil extraction can be performed using chemical solvents (resulting in bran) or press (resulting in cakes). The cakes contain high levels of fat due to inefficiencies in the extraction process and result in approximately 20% fat and just over 26% crude protein (Moura et al., 2015) .
R. Bras. Zootec., 45(4): [145] [146] [147] [148] [149] [150] 2016 Therefore, the aim of this study was to evaluate different protein sources alternative to soybean meal in lamb diets and their effects on nutrient intake, digestibility, and performance.
Material and Methods
The experiment was conducted in the municipality of Recife, Pernambuco, Brazil. The management and care of animals were performed by the guidelines and recommendations of the Institutional Committee on Animal Care and Use (No. 003/2012), wherein this experiment was part of the project "Use of biodiesel co-products in sheep feeding".
Forty male lambs (non-defined breed standard, with the strong breed characterization of Santa Ines breed) were used in a feedlot with an average initial body weight of 19.8±1.84 kg and five months of age. The experimental design was complete randomized blocks with four treatments and ten replicates, and the animals' initial weight was the criterion for block formation. The experiment lasted 100 days, of which 30 days were used for adaptation to the diets and installations and 70 days for data and sample collection.
The treatments consisted of different protein sources: soybean meal (SBM), castor bean cake (CB), sunflower cake (SC), and sunflower seeds (SS) ( Tables 1 and 2 ). The CB was acquired from Biodiesel Plant Governor Miguel Arraes, in the municipality of Pesqueira, PE, Brazil; this by-product was detoxified by autoclaving at 15 psi for 60 min according to the methodology of Anandan et al. (2005) . The BRS 321 cultivars of SS and SBM were acquired from a local market, and the SS was ground in a fodder machine. The SC was acquired from Petrobras plant, in the municipality of Ceará Mirim, RN, Brazil, obtained after the mechanical pressing procedure.
The soybean meal diet was formulated to meet the nutritional requirements of animals with 25 kg and an average daily gain of 200 g (NRC, 2007) . Diets were offered as a total mixed ration, ad libitum, twice daily, in two equal meals at 07.00 h and 16.00 h, allowing 10% of orts. The orts were sampled, placed in labeled bags, and stored in the freezer for later analysis. The ingredients of the diets were sampled weekly, totaling ten samples per animal over a 100-day trial period.
After a 50-day experimental period, fecal dry matter output was estimated using LIPE ® (modified and enriched hydroxyphenyl propane -purified lignin from eucalyptus) as an external marker to calculate total tract apparent digestibility of the feed nutrients (Lima et al., 2008) . The marker was administered in the form of capsules (250 mg/ animal) over seven days (two days for adaptation followed by five days for data collection) in the morning, at 07.00 h (single dose). The fecal samples were collected rectally, manually, using disposable gloves, once a day, from each animal, on the 1st, 2nd, 3rd, 4th and 5th days of the collection period, at 06.00, 8.00, 10.00, 12.00, and 14.00 h, respectively. The samples were oven-dried at 65 ºC for 72 h and ground using a Wiley mill with a 1 mm screen. After drying, the samples were mixed to obtain one value for dry matter. The fecal samples were analyzed according to the methodology of Saliba et al. (2003) .
Dry matter (DM), organic matter (OM), and crude protein (CP) analyses were performed according to the Mertens (2002) , except that the samples were placed in polyethylene bottles with 100 mL of neutral detergent and autoclaved (Senger et al., 2008) . For determination of acid detergent fiber (ADF), 100 mL of acid detergent were added (Van Soest and Robertson, 1985) . Neutral detergent insoluble nitrogen (NDIN) and acid detergent insoluble nitrogen (ADIN) (Licitra et al., 1996) were measured using the Kjeldahl method. Non-fiber carbohydrates (NFC) were calculated according to Hall (2000) , as follows: NFC (g kg -1 ) = 1000 − [(CP -urea derived CP + urea) + NDFap + EE + ash], in which CP = crude protein; NDFap = neutral detergent fiber corrected for ash and protein; and EE = ether extract.
The direct method was used for the determination of apparent digestibility of the nutrients, by evaluating the levels of nutrients in feed and feces samples. Total digestible nutrients (TDN) were calculated using the equation proposed by Weiss (1999) : TDN (%) = CPD + NDFD + NFCD + 2.25 × EED, in which CPD = digestible crude protein; NDFD = digestible neutral detergent fiber; and EED = digestible ether extract. The TDN concentration was calculated as follows:
TDN (%) = TDN Intake/DM intake, which can be converted to metabolizable energy (Harris, 1970) using the following equation: ME (Mcal kg -1 DM) = (kg TDN × 4.409 Mcal DE) × 0.82. After 70 d on their respective experimental feeds (not including adaptation period), animals were subjected to a water diet and solid fasting for 16 h. Immediately before slaughter, they were weighed to obtain "body weight at slaughter" (BWS). At slaughter, the animals were stunned by concussion, followed by bleeding out through a section of the carotid artery and jugular vein. After skinning and evisceration, the head (sectioned at the atlanto-occipital joint) and the feet (sectioned at the metacarpal and metatarsal joints) were removed, and hot carcass weight (HCW) was recorded. The gastrointestinal tract was weighed full and empty to determine the empty body weight (EBW) and biological yield [BY (%) = HCW/EBW × 100].
The carcasses were chilled for 24 h in a 4 °C cold room and hung using hooks, with the metatarsal joints spaced by 17 cm. After cooling, the carcasses were weighed, deducting the weight of the kidney and perirenal fat, to obtain the cold carcass weight (CCW). The hot carcass yield was calculated as [HCY (%) = HCW/BWS × 100], and the commercial yield was calculated as [CY (%) = CCW/BWS × 100].
The carcasses were cut in half, and each half-carcass was weighed. The left half was sectioned into seven anatomic regions, using the methods adapted from Cezar and Souza (2007) originating the commercial cuts neck, loin, shoulder (section obtained by disarticulation of the scapula, humerus, radius, ulna, and carpus), ham (section between the last lumbar and 1st sacral vertebrae), ribs (section between the 1st and 6th lumbar vertebrae), and pistola (section obtained by straight cutting from the flank to the cranial end of the sternum manubrium).
The variables analysis was performed using the PROC MIXED procedures of SAS statistical package (Statistical Analysis System, version 9.1), according to the following model:
Y ij = µ + T i + β(X ij -X) + e ij , in which μ is the overall constant; T i is the effect of treatment i (i = 1 to 4); β(X ij -X) is the covariate effect (initial weight); and e ij is the random unobservable error. Data were subjected to analysis of variance and the means were compared using Dunnett's test, considering the soybean meal diet as control.
Results
The intakes of DM, OM, CP, NDF, and ME in lambs fed castor bean cake did not differ (P>0.05) from animals fed soybean meal (Table 3 ). The DM intake of diets containing sunflower cakes (0.857 kg d -1 ) or sunflower seeds (0.789 kg d -1 ) were lower compared with the soybean meal (0.989 kg d -1 ). Similarly, the lambs fed sunflower cake and sunflower seed had a lower intake (P<0.001) of OM, CP, and ME compared with those fed soybean meal. The EE intake was lower (0.040 kg d -1 ) in the animals fed soybean meal than in those on the other treatments (P<0.001). Neutral detergent fiber intake was similar (P>0.05) between lambs fed soybean meal (0.409 kg d -1 ), castor bean cake (0.447 kg d -1 ), and sunflower cake (0.391 kg d -1 ), and higher (P<0.001) than in those lambs fed sunflower seed (0.352 kg d -1 ). Lower digestibility (P<0.001) of DM, OM, CP, and NDF was observed in lambs fed sunflower seed than in those fed soybean meal (Table 3 ). The castor bean cake diet showed similar (P>0.05) digestibility of DM, OM, and CP to the soybean meal. However, the sunflower cake showed less (P<0.001) digestibility of DM and OM compared with soybean meal.
Body weight at slaughter (BWS), empty body weight (EBW), hot carcass weight (HCW), and cold carcass weight (CCW) were higher (P<0.001) in the animals fed soybean meal compared with the animals fed other protein sources (Table 4 ). The total weight gain and the average daily gain (ADG) were similar (P>0.05) for animals fed the castor bean cake compared with the animals fed the soybean meal (Table 4) .
The hot carcass yield (HCY) and true yield (TY) were not affected by the protein sources (P>0.05) ( Table 4 ).
Higher weights (P<0.01) of the shoulder, pistola, and loin were observed in animals fed soybean meal diet compared with those consuming the other diets (Table 5 ). The neck, ribs, and ham weights were similar (P>0.05) in lambs fed soybean meal and castor bean cake diets (Table 5 ). The ribs of the sheep fed sunflower had a lower weight (P<0.01) compared with the other treatments. SBM -soybean meal; CB -castor bean cake; SC -sunflower cake; SS -sunflower seed; SEM -standard error of the mean; IBW -initial body weight; BWS -body weight at slaughter; EBW -empty body weight; TG -total gain; ADG -average daily gain; HCW -hot carcass weight; CCW -cold carcass weight; BY -biological yield; HCY -hot carcass yield; CY -commercial yield. ♦Values differ statistically from the control treatment -Dunnett's test. Significance levels: *P<0.05, **P<0.01, ***P<0.001, ns -not significant. 
Discussion
Despite the greater lignin content in castor bean cake compared with soybean meal, which, according to Van Soest (1994) , reduces the rate of ruminal fiber degradation and increases the retention time, thereby reducing intake, there was no difference in the intakes of DM and nutrients between the castor bean cake and soybean meal. The lack of effect, according to Oliveira et al. (2010) is due to the small particle size, which facilitates the passage rate of the indigestible fraction.
The lower DM intake in lambs fed sunflower cake or sunflower seed compared with the soybean meal could be explained by the greater EE content above 70 g kg -1 in the sunflower diets (Table 1 ). According to Van Soest (1994) , higher EE contents lead to decreased fiber digestion due to the intoxication of fibrolytic rumen microorganisms, increasing the feed retention time in the rumen and decreasing feed intake. Although the EE contains more energy, the higher intake of this nutrient was not sufficient to compensate for the decrease in DM intake in lambs fed sunflower seed and sunflower cake, resulting in the lowest weight gain.
The CP intake decreased by 14.5% and 25.7% in lambs fed the sunflower cake and sunflower seed, respectively, compared with the diet with soybean meal. These results were influenced by the lower DM intake of these diets, which also explains the decreased intake of organic matter in these diets compared with the soybean meal diet.
Except for NDF, the nutrient digestibility of the castor bean cake diet did not differ from the control diet. Due to the greater content of lignin in the castor bean cake (Table 1) , an effect was expected on the digestibility of DM and nutrients. According to Van Soest (1994) , the lignin fraction exerts a greater effect on digestibility than on intake. However, the lignin cross-linking of cell wall polysaccharides (notably hemicellulose) and ferulic acid are prerequisites for the occurrence of this effect (Jung and Allen, 1995) . Probably, the small particle size combined with the effect of cooking the castor bean cake on the lignin arrangement (less resistant to digestion) allows the accessibility of rumen microorganisms to the potentially digestible fraction of nutrients. Similarly, Oliveira et al. (2010) did not find intake differences comparing castor seed meal (CSM) and soybean meal, and suggested that the rapid degradation rate of the NDF fraction potentially degradable in the rumen and the small particle size of CSM increased the ruminal disappearance of NDF from CSM.
The lower digestibility of DM and nutrients in the sunflower seed and sunflower cake (except CP and NDF) diets compared with the soybean meal diet was probably related to the EE and ADF contents of the diets. The greater EE content in the sunflower seed diet, which exceeded the critical limit (5% EE in the diet), adversely affects nutrient intake. According to Palmquist and Mattos (2006) , this effect is caused either by the limited capacity of ruminants to oxidize fatty acids or even the physical effect of the covering of feed particles with fat, impairing the digestion agents. According to Van Soest (1994) , the ADF content is closely related to feed digestibility, which is due to the presence of lignin, which in turn involves food particles, preventing the attack of microorganisms.
The similar total gain and average daily gain (ADG) between lambs fed the castor bean cake and soybean meal was directly related to same DM intake and intakes of CP and ME. Only the diets containing soybean meal and castor bean cake met the requirements for an average weight gain of 0. , thus justifying the result.
The lambs fed sunflower cake and sunflower seed presented lower total and daily weight gains than lambs fed soybean meal, explained by decrease in DM intake, CP, and ME. Thus, the better carcass weight of lambs fed the soybean meal diet was related to the average daily gain of 0.217 kg d -1 , which resulted in a higher slaughter weight and carcass weight, reflecting in the cold carcass weight of 15.3 kg. The carcass weights of sheep fed alternative protein sources were lower than the 15 kg proposed by Zapata et al. (2001) for lamb carcasses. Nevertheless, the hot carcass yield and biological yield were not affected by the alternative protein sources.
The higher weight of cuts was directly related to the animal's carcass weight, which was higher in animals fed soybean meal. However, because of the similarity of the neck, ribs, and ham weights of lambs fed soybean meal and castor bean cake (CB), we can infer that CB represents a good alternative protein source for finishing lambs. The ham was the heaviest cut, which is important, since it is a region with greater muscularity and higher yield of edible portions (Silva Sobrinho et al., 2005) . The lower cuts' weights in lambs fed sunflower cake (except ribs) and sunflower seed can be attributed to the decrease in DM, CP, and ME intakes. According to Piola Junior et al. (2009) , the deficit in energy intake results in reduced yield of carcass and its cuts.
Conclusions
It is recommended to use castor bean cake detoxified by autoclaving at 15 psi for 60 min as an alternative protein source to soybean meal in diets for feedlot finishing lambs.
